Twenty-one patients with rheumatoid arthritis who underwent Swanson metacarpophalangeal (MP) arthroplasty from 1994 to 1999 were assessed for active flexion of individual MP joints an average of 59 months (range 27-114 months) postoperative. Published articles of Swanson MP arthroplasty were reviewed. Experienced hand surgeons were surveyed regarding outcomes of metacarpophalangeal arthroplasty. The MP joint of the little finger displayed significantly less flexion than that of the middle and index finger. Seven of eight published studies which present active MP flexion by individual digit demonstrated less flexion in the little finger compared to the index, middle, and ring finger. Half of surgeons surveyed reported that MP range of motion is shifted toward a more extended position, that MP flexion is limited in the ulnar digits, and that an implant that encourages MP flexion would be helpful. Our experience with this cohort, a review of published literature, and a survey of international experts suggest that Swanson arthroplasty frequently results in a range of flexion of the MP joint of the little finger that may be insufficient for its principal functions.
Introduction
Silicone arthroplasty of the metacarpophalangeal (MP) joints is a well-established treatment for patients who have advanced rheumatoid arthritis (RA). The goals of MP arthroplasty are to correct deformity, restore function, and relieve pain. The one-piece silicone implant designed by Swanson and first published in 1968 [1] is the most widely used and studied MP implant [2] [3] [4] .
While some studies of the Swanson implant report no postoperative improvement in total range of motion (ROM), it has been demonstrated that the arc of motion usually shifts from predominant MP flexion preoperatively (due to fixed flexion deformity and MP joint and extensor tendon subluxation or dislocation) to a more extended range, which has been considered to be a more functional position [5] [6] [7] [8] .
A published report of the functional range of motion in the normal hand determined that the MP joint requires an average of 61°arc of motion to perform 11 different activities of daily living and an average of 72°arc of motion to perform power grip [9] . The minimum MP arc of motion required to perform all 11 activities of daily living is 33°.
The radial digits (index and long) are considered to function principally in relative extension for pinch functions, whereas the ulnar digits (ring and little) are considered to function principally in relative flexion for power grip [10, 11] . Accordingly, we consider that the desired outcome for maximum flexion of the MP joint following MP arthroplasty may differ from the radial to the ulnar side of the hand. Notwithstanding general statements in the literature regarding the different functional roles of the digits, we were unable to find any published articles supporting or testing this view. Furthermore, most published studies of MP arthroplasty do not report postoperative flexion and extension data by individual digit, but instead, provide data on range of flexion and extension (sometimes only the arc of motion) using the average of all four finger MP joints.
The purposes of our study are (1) to examine a cohort of patients with RA who underwent Swanson MP arthroplasty to determine postoperative active flexion at the MP joint of each digit, (2) to review published reports of postoperative active flexion at the MP joint by digit after MP arthroplasty in patients with RA, and (3) to survey the opinions of a sample of experienced hand surgeons regarding individual digit function after MP arthroplasty in this patient group.
Materials and Methods

Retrospective Patients Review
We undertook a retrospective review of one author's patient records to identify eligible patients for this study. Inclusion criteria were a diagnosis of rheumatoid arthritis and primary Swanson metacarpophalangeal arthroplasty of all four fingers during a 6-year period from January 1994 to December 1999. An exclusion criterion was any previous surgery at the level of the MP joint. Data gathered included individual MP joint range of motion (active flexion and extension), proximal interphalangeal (PIP) joint range of motion (flexion and extension), composite flexion (distance from tip of finger to distal palmar crease), and grip strength using a Jamar dynamometer (positions 1 through 5).
Comparison of continuous variables was performed using multiple t tests, while accounting for multiple comparisons and Kruskal-Wallis tests (nonparametric) if normality of the data could not be assumed. Based on previous literature [9] , maximum active MP flexion was also categorized as sufficient (>60°), borderline (30-60°), and insufficient (<30°) and compared between the digits using a chi-squared test. Correlation between continuous variables was assessed using Pearson (r) correlation coefficients.
This study was approved by the Ethics Review Board at St. Michael's Hospital, Toronto, Canada.
Literature Review
We conducted a computerized search using Medline (from 1966), EMBASE (from 1980), and CINAHL (from 1982) to identify all citations of metacarpophalangeal arthroplasty in patients with rheumatoid arthritis published between 1966 and December 2006. Only original research studies were included. We eliminated studies of sites other than the MP joint of the finger (e.g., thumb, PIP) and conditions other than rheumatoid arthritis (e.g., trauma, systemic lupus erythematosus, psoriatic arthropathy). Full-text copies of all relevant original articles, systematic reviews, and review articles were obtained and each bibliography examined for original articles not identified during the computerized search.
Hand Surgeon Opinion Survey
We conducted an informal survey by mail questionnaire of 25 experienced hand surgeons from five countries (Canada, USA, UK, Switzerland, Spain) active in rheumatoid hand reconstruction. The survey utilized a 7-point Likert scale (from "Completely agree" to "Completely disagree") to determine surgeon opinions on indications for MP reconstruction, outcome following MP reconstruction, and implant design. Surgeon opinions on indications for MP reconstruction have been published elsewhere [12] , and we report herein on surgeon opinion regarding outcomes of MP reconstruction and implant design. Surgeons were asked to agree or disagree with the following questions:
1. Following MP reconstruction, MP flexion is consistently more restricted/limited in D4 (ring finger) and D5 (little finger) than in D2 (index finger) and D3 (middle finger); 2. Following MP reconstruction, increased MP extension is accompanied by a significant decrease in flexion; 3. Following MP reconstruction, the arc of motion does not significantly increase, but is shifted toward a more extended position; 4. There is need for a new implant design in MP reconstructive surgery; 5. An implant design that encourages MP flexion would be helpful; 6. An implant design that encourages MP extension would be helpful.
Results
Retrospective Patient Review
Thirty-four patients were identified from the chart review and invited by telephone to participate in our study. Twenty-one patients (62%) agreed to participate and attended an assessment visit. Mean age at the time of surgery was 66 years (range: 48-84), 20 of 21 patients (95%) were female (four patients underwent staged bilateral procedures during this period for a total of 25 hands and 100 joints), the average disease duration was 18.7 years, and the mean time to follow-up was 59.4 months (range: 27-114 months) ( Tables 1 and 2 ). The mean postoperative maximum active MP flexion of each digit is presented with standard deviation, median, and range in Table 3 and with 95% confidence intervals in Fig. 1 . The MP joint of the little finger displayed significantly less active flexion than the MP joint of the index (40.1 vs 55.2°, p<0.05) and middle finger (40.1 vs 56.2°; p=0.03). The MP Table 4 . There were no significant differences between the mean maximum active PIP flexion of each digit. Jamar grip strength was 6.8 (median: 6.0, SD: 4.2), 13 
Literature Review
We identified 49 published trials of MP arthroplasty in patients with rheumatoid arthritis. Fourteen trials on implants other than Swanson were excluded. Of the remaining 35 trials, only eight [7, 8, [13] [14] [15] [16] [17] [18] report active MP flexion ROM for individual digits presented alongside our results in Table 5 . Active MP flexion of the little finger was less than active MP flexion of the index, middle, and ring fingers in seven of eight trials and in the left-handed subset of the eighth trial [15] .
A review of functional outcomes in all 35 published trials of Swanson MP arthroplasty from the literature review found three studies that reported significant quantitative improvement in hand function following MP arthroplasty [19] [20] [21] . Numerous other studies reported subjective improvement of function in patients after MP arthroplasty, but little or no improvement in objective functional measures, such as grip strength, pinch strength, or function-related assessment scores such as the Jebsen-Taylor test or Sollerman hand function test [5, 7, 13, [22] [23] [24] [25] . Newer MP implants have been designed to more closely mimic the kinematics of the natural MP joint [23, 26] . Despite this emerging interest in improving postoperative MP flexion, we have not found any published discussion or analysis that focuses on diminished MP flexion of the little finger and its potential functional or cosmetic significance after MP arthroplasty for RA.
Hand Surgeon Opinion Survey
Twenty-three of 25 surgeons responded to our survey. Of the 23 surgeons responding, 12 agreed that MP flexion is more limited in the ring and little fingers compared to the index and middle fingers after MP reconstruction. Opinions were mixed on whether increased postoperative MP extension is accompanied by a significant decrease in postoperative MP flexion following MP reconstruction (ten agreed, six disagreed, seven neither agreed nor disagreed), but 15 responded that the arc of motion does not increase and is shifted toward a more extended position. Furthermore, 17 responded that an implant design that encourages flexion would be helpful, while only one disagreed (five neither agreed nor disagreed).
Discussion
A substantial portion of our patient cohort receiving Swanson implants achieved insufficient active flexion in the MP joint of the little finger ( Fig. 3 ) when compared to the other digits. This results in a "reverse cascade" appearance of the hand with flexion diminishing from the radial to ulnar digits rather than increasing as in the normal hand. Our review of the literature yielded similar results finding less flexion in the MP joint of the little finger than in the other fingers in the majority of published studies. While there are informal references to the importance of range of motion to hand function [27] , we have not found a published discussion that identifies decreased MP flexion, specifically of the little finger, as an issue of importance in rheumatoid hand reconstruction. Furthermore, our international survey found that nearly three-quarters of rheumatoid hand surgeons thought that an MP implant that encouraged flexion would be helpful.
In this study, we found that Jamar grip strength correlated poorly with MP flexion. In the rheumatoid hand, other factors such as PIP flexion, pain, and flexor tendon function may have a substantial effect on grip strength independent of MP flexion.
Causes of postoperative lack of flexion after MP joint surgery of the little finger are not known. These may include inadvertent release of the insertion of flexor digiti quinti brevis during release of abductor digiti quinti, the extended (0°) resting position of the Swanson implant, postoperative care (immobilization, splinting, and therapy protocols), and patient factors. Lack of flexion in the MP joint of the little finger might be mitigated to a small degree by the greater carpometacarpal mobility in this ray. While increased active PIP flexion may also mitigate the lack of MP flexion in select patients, our study did not find significantly higher PIP flexion in the little finger compared to the ulnar digits.
One limitation of this study is the use of a retrospective cohort. However, our focus is on a specific range of motion at final outcome irrespective of preoperative status or selection. Also, although Jamar grip strength was recorded, we did not employ a standardized functional instrument, which would have been of interest to correlate with range of motion. The sample size was small but sufficient to identify differences in active flexion of the different MP joints.
In summary, our experience with a cohort of patients undergoing rheumatoid hand reconstruction, a review of published literature, and a survey of international experts suggest that Swanson arthroplasty frequently results in a range of flexion of the MP joint of the little finger that may be insufficient for its principal functions.
